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(57) ABSTRACT

A gas turbomachine nozzle includes a base portion having a
first fluid 1nlet and a second tluid inlet, and an outlet portion
having one or more outlets. A connection section fluidically
connects the base portion and the outlet portion. An orifice
plug 1s arranged 1n the base portion at the second fluid inlet.
The orifice plug includes one or more openings fluidically
connecting the second fluid inlet and the connection section.

12 Claims, 2 Drawing Sheets
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FIG. 3
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NOZZLE HAVING AN ORIFICE PLUG FOR
A GAS TURBOMACHINE

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to the art of
turbomachines and, more particularly, to a nozzle having an
orifice plug for a gas turbomachine.

Turbomachines typically include a compressor portion
and a turbine portion. The compressor portion forms a
compressed air stream that i1s introduced mto the turbine
portion. In a gas turbomachine, a portion of the compressed
air stream mixes with products of combustion forming a hot
gas stream that 1s introduced 1nto the turbine portion through
a transition piece. The products of combustion are developed
in a combustion chamber of a combustor. In the combustor,
fuel and air may be passed through a nozzle to form a
combustible mixture. The combustible mixture 1s combusted
to form the products of combustion.

The hot gas stream 1mpacts turbomachine airfoils
arranged 1n sequential stages along the hot gas path. The
airfoils are generally connected to a wheel which, 1 turn,
may be connected to a rotor. Typically, the rotor 1s opera-
tively connected to a load. The hot gas stream imparts a
force to the airfoils causing rotation. The rotation 1s trans-
terred to the rotor. Thus, the turbine portion converts thermal
energy from the hot gas stream into mechanical/rotational
energy that i1s used to drive the load. The load may take on
a variety of forms including a generator, a pump, an aircratt,
a locomotive or the like.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of an exemplary embodiment, a
gas turbomachine nozzle includes a base portion having a
first fluid 1nlet and a second fluid 1nlet, and an outlet portion
having one or more outlets. A connection section fluidically
connects the base portion and the outlet portion. An orifice
plug 1s arranged in the base portion at the second fluid inlet.
The orifice plug includes one or more openings fluidically
connecting the second fluid inlet and the connection section.

According to another aspect an exemplary embodiment, a
turbomachine mcludes a compressor portion, a turbine por-
tion operatively linked to the compressor portion, and a
combustor assembly fluidically connected to the compressor
portion and the turbine portion. The combustor assembly
includes at least one combustor having at least one nozzle.
The at least one nozzle includes a base portion having a first
fluid 1nlet and a second fluid inlet, an outlet portion having
one or more outlets, a connection section flmdically con-
necting the base portion and the outlet portion, and an orifice
plug arranged in the base portion at the second fluid 1nlet.
The orifice plug includes one or more openings fluidically
connecting the second fluid inlet and the connection section.

According to yet another aspect of an exemplary embodi-
ment, a turbomachine system includes a compressor portion,
a turbine portion operatively linked to the compressor por-
tion, an inlet system fluidically connected to the compressor
portion, a load operatively connected to one of the com-
pressor portion and the turbine portion, and a combustor
assembly fluidically connected to the compressor portion
and the turbine portion. The combustor assembly includes at
least one combustor having at least one nozzle. The at least
one nozzle icludes a base portion having a first fluid inlet,
a second fluid inlet, an outlet portion having one or more
outlets, a connection section fluidically connecting the base
portion and the outlet portion, and an orfice plug arranged
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in the base portion at the second fluid inlet. The orifice plug
includes one or more openings fluidically connecting the
second fluid inlet and the connection section.

These and other advantages and features will become

more apparent from the following description taken in
conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

The subject matter, which 1s regarded as the 1invention, 1s
particularly pointed out and distinctly claimed in the claims
at the conclusion of the specification. The foregoing and
other features, and advantages of the invention are apparent
from the following detailed description taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 1s a schematic view of a turbomachine system
including a combustor having a nozzle provided with an
orifice plug, in accordance with an exemplary embodiment;

FIG. 2 1s a partial cross-sectional view of the combustor
and nozzle of FIG. 1;

FIG. 3 1s a partial cross-sectional view of the nozzle of
FI1G. 2: and

FIG. 4 1s a partial perspective axially end cross-sectional
view of the nozzle of FIG. 3.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

With 1nitial reference to FIGS. 1 and 2, a turbomachine
system 1s indicated generally at 1. Turbomachine system 1
includes a turbomachine 2 having a compressor portion 4
connected to a turbine portion 6 through a combustor
assembly 8 including at least one combustor 9. Compressor
portion 4 1s also connected to turbine portion 6 via a
common compressor/turbine shaft 10. An air inlet system 12
1s fluidically connected to an inlet (not separately labeled) of
compressor portion 4. A load, indicated generally at 14, 1s
operatively connected to turbine portion 6. Load 14 may
take on a variety of forms including generators, pumps,
locomotive systems, and other driven loads. Turbine portion
6 may also be connected to an exhaust system (not shown).

Compressor portion 4 includes a difluser 22 and a com-
pressor discharge plenum 24 that are coupled 1n fluidic
communication with each other and combustor assembly 8.
With this arrangement, compressed air i1s passed through
diffuser 22 and compressor discharge plenum 24 1nto com-
bustor assembly 8. The compressed air 1s mixed with fuel
and combusted to form hot gases. The hot gases are chan-
neled to turbine portion 6. Turbine portion 6 converts
thermal energy from the hot gases into mechanical/rotational
energy.

Combustor 9 includes a combustor body 30 having a
combustor cap 33 and a combustor liner 36. As shown,
combustor liner 36 1s positioned radially inward from com-
bustor body 30 so as to define a combustion chamber 38.
Combustion chamber 38 extends from a head end 39 to a
compressor discharge 40. Combustor liner 36 may be spaced
from combustor body 30 forming a compressor discharge
casing (CDC) airflow passage 43. A transition piece 45
connects combustor assembly 8 to turbine portion 6. Tran-
sition piece 45 channels combustion gases generated 1n
combustion chamber 38 downstream towards a first stage 46
of turbine portion 6. Transition piece 45 may include an
inner wall 48 and an outer wall 49 that define an annular
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passage 54 that fluidically connects with CDC airflow
passage 43. Inner wall 48 may also define a guide cavity 56
that extends between combustion chamber 38 and turbine
portion 6. A nozzle assembly 60 1s arranged at head end 39
of combustor liner 36. Nozzle assembly 60 includes one or
more nozzles, such as indicated at 62.

As shown 1n FIG. 3, nozzle 62 includes a base portion 70
and an outlet portion 74 joined by a connection section 78.
In accordance with an aspect of an exemplary embodiment,
base portion 70 includes a base surface 82 defined by an
outer, annular edge 84. Base surface 82 includes a first fluid
inlet 90 and a second fluud inlet 92. First fluid inlet 90
fluidically connects to a first passage 94 that extends cen-
trally from base portion 70 to outlet portion 74 through
connection section 78. Second fluid inlet 92 fluidically
connects with a second passage 96 that extends from base
portion 70 to outlet portion 74 through connection section
78. Second passage 96 1s arranged radially outwardly of first
passage 94. First and second passages 94 and 96 lead to one
or more outlets 99 (FIG. 2) formed in outlet portion 74.
While shown as a flange, it should be understood that base
portion 70 may be defined anywhere along nozzle 62 that
may support second fluid inlet 92 and provide access to
second passage 96.

In accordance with an exemplary embodiment, nozzle 62
includes an orifice plug 110 provided in an orifice plug
receiving zone 114 formed in base portion 70. Orifice plug
110 may be secured 1n orifice plug receiving zone 114
through a variety of methods including brazing, welding,
staking, press-fitting and the like. Orifice plug 110 1s inserted
into an opening 117 formed in outer, annular edge 84.
Orifice plug 110 includes a base section 124 and a plug
section 128 joined by an intermediate section 130. Base
section 124 and plug section 128 may include a first dimen-
sion while imtermediate section 130 includes a second
dimension. The second dimension 1s less than the first
dimension such as orifice plug 110 includes an hourglass
shaped geometry. Base section 124 includes a plurality of
metered openings 134 that deliver a fluid from second tluid
inlet 92 into second passage 96. The fluid may mix with fluid
passing through first passage 94 at outlet portion 74 and
discharge into combustion chamber 38 to be combusted.

At this point, 1t should be understood that the exemplary
embodiments describe an orifice plug that forms a secondary
orifice for a turbomachine nozzle. Instead of being incor-
porated 1nto an endcover, the orifice plug of the exemplary
embodiments 1s integrated directly into the nozzle. More
specifically, the orifice plug 1s integrated into a base portion
of the nozzle. In this manner, the orifice plug does not limait
tuel flow or provide additional obstructions as compared to
endcover mounted orifice plugs. Further, integrating the
orifice plug into the nozzle eliminates the need for separate
flow testing of the endcover assembly and the nozzle assem-
blies. In addition, while shown as being mounted through an
opening formed 1n an annular side wall of the base portion,
the onfice plug may be mounted into the base portion
through a variety of mechanisms. Further, it should be
understood that while shown as having an hour-glass shape,
orifice plug may include a variety of geometries depending
upon 1nstallation and operational requirements. Still further,
it should be understood that the orifice plug may be formed
having a cylindrical, oval, teardrop or other shapes.

While the invention has been described in detail in
connection with only a limited number of embodiments, 1t
should be readily understood that the invention 1s not limited
to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, altera-
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tions, substitutions or equivalent arrangements not hereto-
fore described, but which are commensurate with the spirit
and scope of the invention. Additionally, while various
embodiments of the invention have been described, 1t 1s to
be understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the inven-
tion 1s not to be seen as limited by the foregoing description,
but 1s only limited by the scope of the appended claims.

What 1s claimed 1s:

1. A nozzle for a gas turbine engine, comprising:

a base portion including a first axial end of the nozzle;

an outlet portion including a second axial end of the

nozzle, wherein the second axial end 1s the axially
opposite end of the nozzle relative to the first axial end;

a connection section extending from the base portion to

the outlet portion, wherein the connection section
couples the base portion to the outlet portion;
a {irst passage having a first inlet at the first axial end and
a first passage outlet at the second axial end; and

a second passage radially outward of the first passage,
wherein the second passage 1s a fuel passage, the
second passage having a second inlet at the first axial
end, a second outlet at the second axial end, an aperture
located 1n the base portion radially outward of the
second 1nlet, and a base portion opening located 1n the
base portion radially inward of the second inlet,
wherein the first passage and the second passage extend
through the base portion, the outlet portion, and the
connection section;

an orifice plug comprising:

a plug section;

a base section defining one or more base section
openings extending therethrough; and

an intermediate section located between the plug sec-
tion and the base section, wherein the intermediate
section couples the base section to the plug section,
wherein the plug section 1s positioned in the aperture
and the base section 1s positioned 1n the base portion
opening.

2. The nozzle of claam 1, wherein the base portion
comprises a base surface, and wherein the first inlet and the
second 1nlet are defined by the base surface.

3. The nozzle of claim 1, wherein the plug section
occludes the aperture.

4. The nozzle of claim 1, wherein the base section and the
plug section comprise a first diameter and the intermediate
section comprises a second diameter, and wherein the sec-
ond diameter 1s smaller than the first diameter.

5. A gas turbine engine, comprising:

a compressor portion;

a turbine portion; and

a combustor assembly comprising one or more nozzles,

the one or more nozzles comprising:

a base portion including a first axial end of the nozzle;

an outlet portion including a second axial end of the

nozzle, wherein the second axial end 1s the axially
opposite end of the nozzle relative to the first axial end;

a connection section extending from the base portion to

the outlet portion, wherein the connection section
couples the base portion to the outlet portion;
a {irst passage having a first inlet at the first axial end and
a first passage outlet at the second axial end; and

a second passage radially outward of the first passage,
wherein the second passage 1s a fuel passage, the
second passage having a second inlet at the first axial
end, a second outlet at the second axial end, an aperture
located 1n the base portion radially outward of the
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second 1nlet, and a base portion opening located in the
base portion radially inward of the second inlet,
wherein the first passage and the second passage extend
through the base portion, the outlet portion, and the
connection section;

an orifice plug comprising;:

a plug section;

a base section defining a plurality of base section
openings extending therethrough; and

an intermediate section located between the plug sec-
tion and the base section, wherein the intermediate
section couples the base section to the plug section,
wherein the plug section 1s positioned in the aperture
and the base section 1s positioned 1n the base portion
opening.

6. The gas turbine engine of claim 5, wherein the base
portion comprises a base surface, and wherein the first inlet
and the second inlet are defined by the base surface.

7. The gas turbine engine of claim 35, wherein the plug
section occludes the aperture.

8. The gas turbine engine of claim 3, wherein the base
section and the plug section comprise a {irst diameter and the
intermediate section comprises a second diameter, and
wherein the second diameter 1s smaller than the first diam-
eter.

9. A gas turbine engine system, comprising:

a compressor portion;

a turbine portion;

an 1nlet system;

a load coupled to the compressor portion or the turbine

portion;

a combustor assembly comprising one or more nozzles,

the one or more nozzles comprising:

a base portion including a first axial end of the nozzle;

an outlet portion including a second axial end of the

nozzle, wherein the second axial end i1s the axially
opposite end of the nozzle relative to the first axial end;
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a connection section extending from the base portion to
the outlet portion, wherein the connection section
couples the base portion to the outlet portion;

a 1irst passage having a first inlet at the first axial end and
a first passage outlet at the second axial end; and

a second passage radially outward of the first passage,
wherein the second passage 1s a fuel passage, the
second passage having a second inlet at the first axial
end, a second outlet at the second axial end, an aperture
located 1n the base portion radially outward of the
second 1nlet, and a base portion opening located 1n the
base portion radially inward of the second inlet,
wherein the first passage and the second passage extend
through the base portion, the outlet portion, and the
connection section;

an orifice plug comprising:

a plug section;

a base section defiming a plurality of base section
openings extending therethrough; and

an intermediate section located between the plug sec-
tion and the base section, wherein the intermediate
section couples the base section to the plug section,
wherein the plug section 1s positioned in the aperture
and the base section 1s positioned 1n the base portion
opening.

10. The gas turbine engine system of claim 9, wherein the
base portion comprises a base surface, and wherein the first
inlet and the second inlet are defined by the base surface.

11. The gas turbine engine system of claim 9, wherein the
plug section occludes the aperture.

12. The gas turbine engine system of claim 9, wherein the
base section and the plug section comprise a first diameter
and the mtermediate section comprises a second diameter,
and wherein the second diameter 1s smaller than the first
diameter.
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